This paper investigates the predictive ability of financial variables for euro area growth through bivariate and multivariate non-parametric Granger causality tests. Apart from assessing the within-country forecasting ability of commonly-employed financial variables, such as the term spread, the stock market returns and the growth of real money supply, we also test for cross-country influences. In this way, we reveal the countries that are more useful in predicting growth in other member countries along with the ones that are more receptive to other countries' financial developments. Our results suggest that financial variables are useful leading indicators for euro area growth at a joint level, albeit at different horizons, ranging from one to six quarters. Our finding of overall increased levels of receptivity among member states provides useful information for policy makers, especially in the case of monetary union such as the euro area.
idence for the euro area countries is quite scarce and more recent. Among the first to tackle this issue are Davis and Fagan (1997) who find that the yield curve improves the forecast ability of output growth for the six out of the nine European countries examined. Sensier et al. (2004) examine the roles of domestic and international variables in predicting business cycle regimes in four European countries, namely Germany, France, Italy and the UK and find that real money growth and stock market prices are important for all countries except for Germany and Italy, albeit with differing signs and lag lengths. The yield curve, however, cannot beat the separate use of either long-term or short term rates, which are found to be significant with mostly a negative effect.
On the contrary, Moneta (2005) finds that the yield spread is the single most powerful predictor of recessions in the euro area especially for forecasting horizons beyond one quarter. The same conclusion is reached by Duarte financial variables manage to improve forecast precision for some country and at some horizon with the most prominent variable being the stock market returns that improves forecasts in the majority of the cases considered.
Contrary to the traditional approach that concentrates on single equation and multivariate parametric models in order to assess the forecasting performance of a set of financial variables, we take another route and reinvestigate systematically the relationship between financial variables and growth by using non-parametric Granger causality tests. Employing monthly data for the euro area countries, we first investigate the bivariate relationship between a set of financial variables and output growth in the context of the methodology proposed by Cheung and Ng (1996) . 2 This non-parametric Granger causality methodology is based on the residual cross-correlation function of the series under scrutiny and is robust to distributional assumptions, which are likely to be important since the variables at hand may exhibit both autocorrelation and conditional volatility effects. As a second step, following Lemmens et In this sense, they assessed whether part of the joint effect they found was due to crosscountry influences and they determined the countries which have the most 'clout', i.e.
are more useful in predicting other countries' growth along with those that are influenced more by the others, i.e. they display more 'receptivity'.
The layout of this paper is as follows: Section 2 outlines the bivariate and multito test for both causality in mean and variance. In the present text, we adopt the two-stage procedure of Cheung and Ng (1996) , which filters out second-order effects prior to testing for causality in mean.
variate Granger-causality testing procedures used for the empirical estimation of the relationship between growth and financial variables. Section 3 presents and comments on the empirical results for the euro area countries and section 4 summarizes the main findings of the paper.
Econometric Methodology
In this section, we briefly describe the non-parametric techniques utilised in the present study which aim at detecting any Granger causality running from financial variables to output growth. In subsections 2.1 and 2.2 we describe the bivariate and multivariate methodologies employed, respectively.
Bivariate causality tests
Consider a bivariate stationary and ergodic stochastic process
In our case, y t , represents output growth and x t , a financial variable. Cheung and Ng (1996) proposed a test based on the sample cross-correlations function of the standardised residuals and involves two stages. In the first stage, univariate time-series models are estimated for both the series under scrutiny, such as the typical ARMA(p,q)-GARCH(1,1). In our case the correct order of the ARMA(p,q) model for the mean of the series is determined by means of the Schwartz Information Criterion (SIC). In the second stage, we calculate the sample cross-correlations of the standardised residuals, typically defined as follows:
where b µ y,t , b µ x,t and b h y,t , b h x,t are the estimated conditional means and variances of output growth and a candidate financial variable, respectively.
The sample cross-correlation function of u yt and u xt (b τ x,y (k)) is given by:
where
are the sample variances of one of the financial variables and output growth, respectively, k is the lag length employed and T is the sample size. The test statistic, S, proposed by Cheung and Ng (1996) is given by the following formula:
where M is a bandwidth parameter which under the null hypothesis of no causality in mean from x t to y t follows asymptotically a chi-square distribution with M degrees of freedom (X 2 M ). Similarly, when testing for causality in mean running from y t to x t ,
x,y (k) can be used to test for bidirectional causality-in-mean. We should also note that in order to obtain correct inference, M should be large enough to include all potential nonzero crosscorrelations.
Multivariate causality tests
Let Y t and X t be two multivariate time series with Y t ∈ R d1 and X t ∈ R d2 . In our case, the dimension of these multivariate time-series is 4 The estimated standardised residuals,
are cross-correlated with cross-correlation function
. Similarly, we define the corresponding autocorrelations of
test statistic proposed by El
Himdi and Roy (1997) is given by the following formula:
where A is the asymptotic covariance matrix of
When testing for causality in the mean running from x t to y t , only positive values of the bandwidth parameter M should be employed. In this case, the above quadratic form is shown to follow a X
In the case that we are interested in revealing bidirectional causality between the series at hand, i.e. allowing for both positive and negative lags, the degrees of freedom are adjusted accordingly to
Naturally, this multivariate test is more powerful as opposed to the bivariate one introduced in Section 2.1 due to mainly two reasons. First, all countries are pooled together in order to find evidence of Granger causality and second, Granger causality across countries is also allowed. Moreover, this testing procedure can be modified so as to reveal more information with respect to the interdependencies within the euro area. Specifically, if we are interested in testing whether the developments in financial variables of one country affect real economic activity in the remaining countries, i.e.
to discover a country's "clout", we only include the financial variable x i of country i and test whether it causes the variables y j , with j 6 = i. In such a case, d 1 = 1 and
with d the number of countries participating in the panel. Similarly, we can test for the receptivity of a country, i.e. discover the countries that are more likely to be led by developments in the financial variables of the remaining ones in the euro area.
In this case, we test whether real economic activity in country j is Granger-caused by the financial variables x i of the remaining countries, with i 6 = j. The test again follows a X 2 distribution with M(d − 1) degrees of freedom.
Empirical Evidence
In this section we apply the techniques outlined in the previous section to examine the empirical relationship between growth and financial variables in the euro area. 5 The financial variables considered are the term spread, real stock market returns and real money supply growth for the 12 euro area countries. Our data set is monthly and covers the period from January 1988 to May 2005. 6 As a measure of the growth rate of output we use the industrial production index (seasonally adjusted) from the 
Bivariate predictive content
We begin the empirical analysis with the within-country forecasting ability of the term spread, assessed via the bivariate Granger causality tests analyzed in Section 2.1 with the bandwidth set at 15 months (5 quarters). 8 The relevant p−values for testing the hypothesis of interest, i.e. no causality from the term spread to future growth are reported on the main diagonal of Moneta (2005) finds that the most informative term spread for future growth in the euro area is the one between the 10-year bond and the 3-month interbank rate when comparing over ten alternative specifications. 8 The bandwidth is set approximately equal to √ T , T is our sample size. the German term spread seems to have the strongest predictive power for euro area growth as a whole. The clout of Austria, however, seems to be puzzling. One possible explanation is that it actually reflects its proximity and its close economic, political and cultural link to Germany. Given that the bivariate testing methodology does not filter cross-country correlations beforehand, it seems possible that increased correlations between financial variables and growth of the countries may emerge as strong causality patterns. Our multivariate procedures (see section 3.2) take this effect into account.
Our results with respect to market returns are reported in Table 2 . Starting with the diagonal elements, we find significant links existing between stock market returns and real growth for half of the euro area countries. Specifically, we cannot reject the null of no Granger causality for Belgium, Finland, France, Germany, Italy and Spain.
Given that the majority of these countries are the more developed in the euro area, our findings suggest that stock market returns act as a leading indicator in such countries.
As pointed out by Mauro (2003) , the association between stock market returns and growth is stronger in countries with high market capitalization such as the UK and the US.
[INSERT TABLE 2 HERE]
Turning to the cross-country influences, significant evidence of cross-country influences between returns and growth is found similarly to the case of the term spread.
Among the countries with the highest predictive ability over others are Finland, France, Germany, Portugal and Spain.
Finally, we examine the predictive ability of real money growth for output. The respective figures are tabulated in Table 3 .
[INSERT Austria, Belgium and France are the countries that seem to affect more than four other member countries.
As aforementioned, the bivariate causality results should be interpreted with cautiousness due to the multiple testing problem, as well, which might lead to our estimates being biased downwards (see Bauer et al., 1988 and Lemmens et al., 2005) . The problems associated with the bivariate testing environment can easily be addressed when extending our testing procedures to a multivariate framework. These results are discussed in the next subsection.
Multivariate predictive content
Turning to the joint testing of Granger causality, our results paint a different picture. employing quarterly aggregate euro area data, find that the highest explanatory power of the term spread when a linear model is employed, is found between three and six quarters ahead, similar to findings for the US (see Estrella and Mishkin, 1998 ).
Stock market developments for the euro area as a whole seem to provide limited information on future growth, since evidence of Granger causality from returns to growth is limited and confined to a two-quarter horizon. This is quite expected, though, given that the majority of the euro area countries did not have a developed stock market until recently. The horizon at which we detect the strongest association between stock market and output growth is consistent with US findings (Fama, 1990 and Schwert, 1990 among others) and some limited evidence for the euro area (see Sensier et al. 2004 ). Specifically, these studies find that the link between growth and stock returns is maximised at a forecast interval of two to four quarters. who find that real money growth is important in predicting business cycle regimes in Europe. Table 5 provides a more in-depth analysis with respect to cross-country dependence.
Specifically, the Table reports Overall, during the period under examination and excluding Ireland, Luxembourg and Portugal, the receptivity of all countries with respect to financial variables appears quite high justifying a monetary union.
The bulk of empirical studies have employed parametric models in order to study the role of financial variables in forecasting growth. Given that inference within parametric models is affected when some of the underlying assumptions are violated for the dataset at hand, non parametric methods can prove valuable in this respect. Furthermore, with the exception of a few, parametric studies have concentrated mainly on the US.
The creation of the euro area monetary union brings to the fore the assessment of the forecasting ability of financial variables for the euro area member countries. No systematic examination, either parametric or non-parametric of these relationships has been conducted so far for the 12 member states.
In an attempt to fill this void, this paper takes a new approach to testing whether financial variables are useful in forecasting euro area output growth by utilising both bivariate and multivariate non-parametric Granger causality tests. Our bivariate analysis revealed the within-country information content of financial variables along with the cross-country linkages. However, there is no a priori reason to disregard the information content in one country for the remaining members as well as for the whole panel. In this vein, our multivariate tests aimed at revealing the predictive content of financial variables at a joint euro area level and to uncover the member states that are more useful in predicting growth in other member countries along with the ones that are more receptive to other countries' financial developments.
In general, our results are consistent with existing studies for the euro area and to some extent the US and may be summarized as follows:
(i) Within-country bivariate causality tests suggest that both the term spread and stock market returns contain useful information for approximately half the euro area countries, while evidence with respect to real money growth is weaker.
(ii) Cross-country linkages in a bivariate framework point to similar findings. Specifically, significant causality patterns are detected for one third of the pairs examined for both the term spread and the stock market returns, while developments in monetary aggregates seem to carry reduced information across member states.
(iii) Our multivariate tests suggest that the information content of the term spread at a joint euro area level is maximised at a five to six quarter horizon, while the respective horizon for stock market returns is confined to two quarters. Contrary to our bivariate findings, monetary developments carry information for a variety of horizons ranging from one to five quarters. . Table 5 . Clout/Receptivity
